The deterioration of environmental quality in the Sinos River basin is directly associated with the impacts of intense industrialization and urbanization. An integrated environmental assessment (IEA) was conducted in July and September of 2012, in areas along the sources of the EstânciaVelha/Portão, Pampa and Schmidt streams using physical, chemical and biological methods. The water in the three sampling sites was not proper for human consumption, presented a low toxic contamination index (TCI) and mesotrophic characteristics. One site was included in Class 4, and two, in Class 3, according to current legislation. The rapid assessment protocol (RAP) indicated a natural environmental condition for habitat diversity and environmental impact in the three sites. The Tradescantia pallida (Rose) D.R. Hunt var. purpurea Boom biomarker showed water genotoxicity in two of the sites. The integrated diagnosis of water quality in these streams is fundamentally important to ensure the sustainable management of water resources and their multiple uses, as well to estimate their contribution to pollution in this river basin.
Introduction
Water bodies and the community of living organisms in these ecosystems are recognized as fundamentally important for different sectors of our society, despite the evident and substantial growth of environmental impacts. They are highly susceptible to environmental changes due to their interactions with surroundings (Ternus et al., 2011) .
The Sinos River basin (SRB) is located in the eastern region of the state of Rio Grande do Sul, Brazil, and covers 32 towns with different economic activities, such as industry, agriculture and cattle raising, along the 190 km of the Sinos River, one of the main water courses in the basin and the river with the poorest water quality in Brazil (Figueiredo et al., 2010) . Among the main affluents of the Sinos River are the EstânciaVelha/Portão (municipalities of Estância Velha and Portão), the Pampa (municipality of Novo Hamburgo) and the Schmidt (municipality of Campo Bom) streams, located in the lower section of the basin and draining important urban centres in the metropolitan area of Porto Alegre. Their sources or surroundings are located in an important industrial centre, a national reference in the production and exportation of footwear and leather (IBGE, 2012) . Parallel to the rapid economic growth of these cities in the last decades, environmental problems have been generated due to the indiscriminate use of water, disorganised land occupation, lack of basic sanitation and, mainly, concentration of industrial activities that have a high polluting potential.
Environmental changes resulting from the growth and economic development of the towns have a significant impact on these streams. The Pampa stream presents high levels of domestic pollution along its course, often comparable to untreated domestic wastewaters (Nascimento and Naime, 2009) , and the contamination of the EstânciaVelha/Portão stream has been assigned to domestic and industrial wastewater discharges (Naime and Fagundes, 2005) .
The concern with the status of environmental degradation demands efficient evaluation methods and tools for environmental management (Rodrigues and Castro, 2008) . Rivers are usually monitored by means of physical, chemical and bacteriological tests to determine water quality for human use (Rodrigues et al., 2008) following the parameters defined in the CONAMA Resolution no. 375/2005 (Brasil, 2005) . However, these parameters, when analysed individually, may underestimate the actual magnitude of damage caused to water environments (Karr and Chu, 1999) . Therefore, rapid assessment protocols (RAP) have been developed to evaluate the structure and functioning of water ecosystems and contribute to the management and preservation of these environments using parameters that are easy to understand and apply (Callisto et al., 2002) .
Bioindicator plants are highly sensitive to complex mixtures of water contaminants and may be used for qualitative evaluations of genetic damage to living organisms (Duan et al., 1999; Grisolia and Starling, 2001; Merlo et al., 2011) . Tradescantia pallida (Rose) D.R. Hunt var. purpurea Boom, a wild species that is well adapted to subtropical and tropical climates, has a high sensitivity to genotoxic agents and has been used to monitor water bodies and domestic wastewaters (Umbuzeiro et al., 2007; Mielli et al., 2009; Thewes et al., 2011) .
A study in the Sinos River basin assessed the genotoxicity of water through the comet assay in fish, showing that in this environment there are substances with genotoxic potential on these organisms (Scalon et al., 2010) . Other studies have also indicated water toxicity in the Sinos River. observed hepatotoxic effects in cells from mice exposed to samples of the river water. Feiden and Terra (2009) used Daphnia magna (Strauss, 1920) to assess the quality of water by toxicity tests.
Integrated methods should be used to evaluate environmental impacts generated by the inappropriate use and management of water resources. This study represents the first initiative of an integrated evaluation of environmental quality along the sources of the EstânciaVelha/Portão, Pampa and Schmidt streams using physical, chemical and biological parameters. The data may contribute for an integrated environmental diagnosis of the Sinos River basin, supporting public management and providing reliable bases and methods for environmental control.
Material and Methods

Study area
The major watercourse of the Sinos River basin is located in the northeastern area of the state of Rio Grande do Sul (29°20'-30°10'S; 50°15'-51°20'W) (FEPAM, 2012) . The total area basin measures 3,820 km 2 , and it extends from the Serra Geral in the East, to the Caí River basin in the West and the North, and to the Gravataí River basin in the South (COMITESINOS, 2012) . The basin vegetation cover is reduced to forest remains, predominantly at the sources of the Sinos River and the streams that form it. For hydrological and hydraulic classifications, the Sinos River has been divided into upper, middle and lower sections. The ground in the region is formed by dystrophic red clay soils originated from sandstone that was part of the Botucatu formation (Streck et al., 2008) . The lower section has semideciduous seasonal forest remains (Teixeira et al., 1986) , gentle to no slopes and counter-sloping areas characteristic of plain rivers, meanders and has sedimentation zones (FEPAM, 2012) . The climate of the study area is Cfa according to the Köppen classification (Moreno, 1961) ; the mean annual temperature is about 20°C, and rainfall is about 1,600 mm per year, distributed in four seasons (COMITESINOS, 2012).
Study sites
The integrated environmental assessment was performed in the sources of the three streams in the lower section of the Sinos River (Figure 1 ). Site 1 (29°38'17.06"S and 51°9'17.09"W; at 67 m a.s.l.): EstânciaVelha/Portão stream, located in EstânciaVelha and Portão and about 20 km long. Site 2 (29°38'28.5"S and 51°06'39.51"W; at 153 m a.s.l.): Pampa stream, located in Novo Hamburgo and about 9 km long. Site 3 (29°39'6.64"S and 51°4'51.23"W; at 52 m a.s.l.): Schmidt stream, located in Campo Bom and about 7 km long. These sites are located in a lithological area characterized by the Botucatu Formation and basaltic formations in the hillsides (Streck et al., 2008) . The sites were sampled in July and September of 2012. Local data on rainfall were supplied by Station no. 83961, the weather station closest to the sampling site in Campo Bom (29°41'S; 51°03'W), at an altitude of 25.8 m. Sampling sites and the weather station are located in areas under similar weather conditions (Buriol et al., 2007) .
Physical, chemical and microbiological analyses
In each study site pH, dissolved oxygen concentration and percentage, temperature, total dissolved solids and conductivity of the water were monitored in situ. Measurements were made with portable multiparameter units (YSI ADV6600 A2, SonTek). Water samples were collected and stored following the recommendations of the Brazilian Association of Technical Norms (ABNT, 1987) and Standard Methods for the Examination of Water and Wastewater (APHA, 2005) .
The parameters analysed were: a) total alkalinity by titrimetry; b) total phosphorus by colorimetry; c) dissolved oxygen by manometry; d) microbial sewage pollution indicators (fecal coliforms and Escherichia coli (Escherich, 1885)) using an enzymatic substrate method; e) Cr(VI) by colorimetry; f) chloride by titrimetry; g) ammonia by titrimetry; h) nitrite by colorimetry and i) nitrate concentration by colorimetry. In addition, cadmium, lead, copper, total chrome, iron, manganese, nickel and zinc concentrations were measured by flame atomic absorption spectroscopy (FAAS) in all water samples collected.
Freshwater classification
The water bodies were classified according to the limits for freshwater classes defined in Resolution 357/2005 of the National Environment Council (CONAMA) (Brasil, 2005) which define maximum standards for waters according to their uses.
Water Quality Indices (WQI)
Two indices (WQI) to assess surface water quality in the river sources were used: the toxic contamination index (TCI) and the trophic state index (TSI).
The toxic contamination index (TCI) used by IGAM (2004), was defined according to the comparison between the results of sample analysis and the limits established for water classes in the Brazilian legislation, CONAMA Resolution 357/2005 (Brasil, 2005) for: ammonia, cadmium, lead, total copper, chrome (VI), total chrome, nitrate, nitrite and total zinc. According to Brasil (2012) , TCI may be low, medium or high. If low, toxic substances have concentrations lower than or equal to 20% of the classification limits. In the medium class, concentrations are 20% to 100% of those limits, and in the high class, greater than 100%. The worst result in the set of all values is used to define the contamination category. Therefore, if one of the parameters was greater than 100% (twice the limit concentration) in at least one of the yearly measurements, contamination was classified as high at that sampling site.
The trophic state index (TSI) indicates the quality of water according to its enrichment with nutrients and its effect associated with the excessive growth of algae or the increase in the infestation with aquatic macrophytes. The results of this index calculated from phosphorus values are a measure of potential river eutrophy, according to Lamparelli (2004) and Fia et al. (2009) The categories of the trophic state are: ultra-oligotrophic (TSI≤47), oligotrophic (low productivity) (47 < TSI ≤ 52), mesotrophic (moderate productivity) (52 < TSI ≤ 59), eutrophic (high productivity) (59 < TSI ≤ 63), supereutrophic (63 < TSI ≤ 67) and hypereutrophic (very high productivity) (TSI > 67) (Alves et al., 2012) .
Rapid assessment protocol (RAP)
In each study site, the rapid assessment protocol (RAP) for habitat diversity (EPA, 1987 , Hannaford et al., 1997 modified by Callisto et al. (2002) was used to analyze 15 parameters (Table 1 ). In the first group, the score assigned to each parameter was 0, 2 and 4, and in the second, 0, 2, 3 or 5 points. The final result was the sum of the scores assigned to each parameter. Final scores indicate the level of ecological preservation of the sites under study, scores from 0 to 20 indicate that the sites has been poor; from 21 to 41, regular; from 42 to 60, suboptimal and from 61 to 88, in optimal condition.
Tradescantia bioassay
Water samples from the three sampling points were collected for genotoxicity analysis. Water collection and transportation followed the recommendations of the Brazilian Association of Technical Norms (ABNT, 1987) and Standard Methods for the Examination of Water and Wastewater (APHA, 2005) . Samples of Tradescantia pallida var. purpurea were grown in pots (37 cm × 20 cm × 20 cm) containing 4 kg of commercial soil from the same batch, in a non-polluted area of the university. The plants were watered three times a week. Monthly, 100 mL of an N-P-K fertilizer solution (10-10-10, w/w/w) was applied. Plant exposure, inflorescence fixation and storage, slide preparation and data analysis followed the protocol described by Thewes et al. (2011) . Cuttings collected from the plant stocks bearing young inflorescences were maintained partially immersed in distilled water for 24 hours in groups of 15 to 20. After this adaptation, only turgid cuttings were exposed, for 8 hours, to the water samples and to distilled water (negative control). Exposure was followed by a 24-h recovery period in distilled water. The inflorescences were fixed in 3:1 (v/v) ethanol/acetic acid for 24 h and stored in 70% ethanol under refrigeration. Seven slides were prepared for each sample. Micronuclei frequencies were analyzed using the SPSS 20 for Windows. Data were expressed as mean ± standard deviation. The normal distribution of variables was verified by the Shapiro-Wilk test. Statistical differences in micronuclei frequencies obtained in each sampling point along time were analyzed using the Student t test, at 5% probability. Frequencies of micronuclei obtained in the samples in each month were compared using ANOVA test. The Tukey test was used for post-hoc multiple comparisons, at 5% probability.
Results
Physical, chemical and microbiological characteristics of water
The values of the physical, chemical and microbiological parameters of the water samples collected in July and September 2012 from the streams under study are shown in Table 2 . Most parameters analysed in the three sites were lower than the limits established in the CONAMA Resolution 357/2005 (Brasil, 2005) for Class 1 waters.
The waters of the Pampa stream were classified as Class 3, as a result of the Fe concentrations which were seven-fold higher (maximum of 2.140 mg L -1 in July of 2012) than the legal limits (< 0.3 mg L -1 ) for Class 1 waters. The Schmidt stream also presented characteristics of Class 3 waters due to high concentrations of thermotolerant coliforms (2,000 MPN 100 mL Table 2) . Class 3 freshwaters may be used for human supply only after conventional or advanced treatment, whereas Class 4 waters may not be intended for human consumption, only for navigation and landscape harmony (Brasil, 2005) .
The toxic contamination index (TCI) was low according to the parameters analysed for the three sites, except the level of contamination in the Schmidt stream site, which was medium according to CONAMA Resolution 357/2005 (Brasil, 2005 because of Cd concentration. According to the TSI, the waters in the three sites were classified as mesotrophic (Table 3) .
Rapid Assessment Protocol (RAP)
The results of RAP showed that the sites, in general, had a natural environmental condition. The Pampa stream site presented 13 parameters with the highest score, followed by the EstânciaVelha/Portão stream, with 10, and the Schmidt stream, with eight (Table 1) .
The parameters with any change in more than one of the sites were type of bottom, type of substrate, mud deposition, margin stability and riparian forest length. In the site of the EstânciaVelha/Portão stream, one of the margins was deforested and used for agriculture, which modified the landscape of the Environmental Preservation Area (EPA) according to Law 4771/1965 (Brasil, 1965 and affected parameters such as margin stability, type of bottom, type of substrate and mud deposition in the water body.
Anthropic changes in the sites of the Pampa and Schmidt streams were mainly characterized by the presence of solid residues, such as the disposal of various types of packaging, as well as the discharge of domestic wastewaters in the Schmidt stream.
Tradescantia bioassay
In the first exposure, the frequency of micronuclei of the flower buds exposed to the water sample of the EstânciaVelha/Portão stream were significantly higher than those found in the samples of the Pampa and Schmidt streams and in the negative control (Table 4 ). In the second exposure, the frequency of micronuclei of the flower buds exposed to the water samples of the Pampa stream were significantly higher than those of the negative control, and the frequency of micronuclei of flower buds exposed to water samples of the EstânciaVelha/Portão and Schmidt streams were intermediate, statistically not differing from those exposed to the samples of the Pampa stream and the negative control. For each exposure, accumulated rainfall four days before and on the day of exposure of Tradescantia pallida var. purpurea cuttings is presented on Table 4 .
Discussion
This study evaluated different aspects of water quality and habitat diversity in the sources of the streams that form important subsidiary basins of the lower reach of the Sinos River basin. The integration of these data provides support for the environmental diagnosis of the current scenario of the areas under study.
Physical, chemical and microbiological characteristics of water
Sediment transport in the sites under analysis was responsible for the presence of dissolved and suspended solids and, with consequently changes in water colour and turbidity. The presence of suspended materials and the colour of the water reduce transparency, affect esthetics and reduce the luminosity necessary for photosynthesis (Naime and Fagundes, 2005; Luiz et al., 2012; Cunha et al., 2013) .
The absence of thermotolerant coliforms (Escherichia coli) in the samples of the Pampa and Estância Velha/Portão streams may be associated with the uneven topography, which makes access difficult and slows urbanization. For the Schmidt stream, where the collection sites are easier to access, the presence of thermotolerant coliforms indicated that there was recent pollution by domestic wastewaters (Merlo et al., 2011) . The presence of organic matter as BOD 5 and COD may be in part explained by the fact that there is deciduous vegetation in the region.
The high Fe concentration in all the sites may be associated with the presence of this metal in the edaphic profile of the region (Streck et al., 2008) .The greatest concentration of metals was found in sediments, favoured by the neutral to alkaline pH and the presence of organic matter (Merlo et al., 2011; Weber et al., 2013) .
The turbidity due the soil leaching and the low volume of water in the studied sites cause the suspension of sediments, contributing to circle nutrients as phosphorus, an important nutrient used to determinate TSI, and also organic matter, colour and other nutrients, coliforms and pollutants (Cunha et al., 2013) .
For the TSI, the mesotrophic characteristic of the sites under evaluation may have resulted from natural eutrophy and anthropic activities. Few studies have been performed using this index in Rio Grande do Sul, and they are mainly focussed on the evaluation of lakes (Schäfer, 1988; Cunha et al., 2013) . According to Fia et al. (2009) , trophic state indices describe the effect of human activities in river basins, in addition to aiding in the development of handling and management plans for aquatic ecosystem using strategies to promote the sustainability of water resources.
RAP
The rapid assessment protocol (RAP) is applied based on the score of parameters (1-9) that assess the characteristics of the sections and the environmental impacts that result from anthropic activities, according to Callisto et al. (2002) , whereas the parameters (10-15) adapted from Hannaford et al. (1997) indicate habitat conditions and the levels of conservation of natural characteristics. Therefore, the final RAP score for the areas along the stream sources is a marker of natural environmental conditions, a characteristic that is identical to that described by Vargas and FerreiraJunior (2012) for stream sources in the study of two micro basins of the Gandu River in the municipality of Afonso Cláudio, state of Espírito Santo, Brazil.
The parameter of anthropic alterations is directly associated with the use of the area. For example, the site of the Pampa stream is frequently visited in hotter periods because it has a water fall used for recreational purposes by the local population. In the site of the Schmidt stream, the presence of houses where domestic wastewaters are not treated is the main focus of anthropic changes. The stability of margins is directly associated with the length of the area of riparian vegetation, as found in the site of the EstânciaVelha/Portão stream, where part of the riparian vegetation of one of the margins was removed leading to instability followed by erosion and lixiviation of the soil, high degrees of turbidity, (particularly in periods with high rainfall rates) and extensive mud deposition on the bottom of the water body, which explains the degree of turbidity, which is above the standard for Class 1 waters. Natural vegetation in the stream sources, according to Donadio et al. (2005) , ensures a better water quality than in places where anthropogenic activities such as agriculture are predominant.
Tradescantia bioassay
The frequencies of micronuclei obtained evidenced the water genotoxicity along the sources of two of the streams sampled at one of the exposure times. Only the water of the Schmidt stream presented no genotoxicity in either sampling period. The results corroborate those reported by Umbuzeiro et al. (2007) for the genotoxicity of a tributary of the Cristais River in the metropolitan area of São Paulo, where 1.8 micronuclei were observed in Tradescantia pallida var. purpurea inflorescences.
Although the values of the physical and chemical parameters measured for the water of the streams under study were, in general, below the limits defined in legislation, not investigated genotoxic substances, as well as mutagenic chemical combinations, may contribute to the increase of micronuclei frequency. Of the metals analyzed, Fe presented concentrations above the standard for Class 1 water (Brasil, 2005) , and its effect on the formation of micronuclei in Tradescantia pallida var. purpurea should be further investigated.
In the first exposure, the EstânciaVelha/Portão stream showed a significantly elevated genotoxic potential, which reinforced the reports of high pollutant concentrations and toxicity of this water body to Daphnia similis (Claus, 1879), Daphnia magna, Ceriodaphnia dubia (Richard, 1894) and Hyalella azteca (Saussure, 1858) reported by Mitteregger-Júnior et al. (2007) . However, in the second sampling, micronuclei frequency was significantly lower than in the first sampling. This may have occurred due to the accumulation of rainfall in the four days before sample collection in the streams, which was greater in the second exposure. The responses of biomarkers are influenced by changes in abiotic factors (Handy et al., 2003) . Rainfall periods, such as on the days before the second water sampling from the EstânciaVelha/Portão stream, seems to reduce the concentration of pollutants and, therefore, relatively minimising genetic damage to Tradescantia pallida var. purpurea, as reported by Thewes et al. (2011) in a study conducted in sewage treatment plants. Vilches (2009) observed a decrease in the genotoxic potential of the water of the Cadeia stream in the Caí River basin, Brazil, in assays using erythrocytes of the Astuyanax jacuhiensis fish (Cope, 1894) during one of the sampling months, and assigned that finding to the constant rainfall before the sampling day.
The data reinforce the importance of the Tradescantia pallida var. purpurea micronuclei assay as a sensitive parameter of environmental pollution of the water bodies that are part of the Sinos River basin. It is a simple, efficient and rapid bioassay (Steinkellner et al., 1999) that may warn about the real conditions of water quality (Yang, 1999) and the potential genotoxic risks to biota.
Final Considerations
The interpretation of data from integrated evaluation assessments is extremely complex, due to the diversity of variables that act upon the environment directly or indirectly. Isolated parameters would not allow a characterisation of the environmental scenario as through has the one obtained in this study through an integrated assessment.
Anthropic alterations, such as the discharge of domestic wastewaters, are factors directly or indirectly responsible for the legal classification of waters as Class 3 or 4 at the sampling sites. Contrary, the results of the RAP demonstrated a better environmental quality. It is known that the measurements of physical and chemical water parameters are punctual, reflecting the exact time of sampling. On the other hand, PAR includes qualitative indicators of the water and surroundings of the water body, reflecting the history of the conservation status of the area.
Of the chemical parameters evaluated, Fe presented concentrations above those established in legislation in the three sites sampled, which may contribute to the genotoxicity of waters in the sites of the EstânciaVelha/ Portão and Pampa streams. Increased risks of genetic damage to organisms due to heavy metals are known, and further studies should investigate the genotoxic potential of Fe in particular.
